In order to attempt a climate reconstruction for the western IR from this tree-ring network, we 23 perform an exploratory analysis of the 11 tree-ring chronologies by creating a correlation 24 matrix of the raw chronologies for each site for the common period and for the 25 full period . 26
Standardization methods

27
The key concept in dendroclimatology is referred to as the standardization process (Fritts, 28 1976; Cook et al., 1990) where the aim is to preserve as much of the climate-related 29 information as possible while removing the non-climatic information from the raw TRW 30
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square of the basal area of the tree in the year prior to ring formation. Then, a Poisson 23 regression model was used to fit the individual tree-ring widths. Standardized indices were 24 calculated as the ratio between the observed and predicted values, and a biweigth robust mean 25 was used to develop the Basal Area Poisson chronology (BasPois). 26
To evaluate uncertainty of the mean chronologies running interseries correlations (Rbar) and 27 the express population signal (EPS) were calculated (Wigley et al., 1984) . Rbar is a measure 28 of the strength of the common growth 'signal' within the chronology (Wigley et al. 1984; 29 Briffa and Jones, 1990) , here calculated in a 50-year window sliding along the chronology. 30
EPS is an estimate of the chronology's ability to represent the signal strength of a chronology 31 on a theoretical infinite population (Wigley et al., 1984) . 32
Clim. Past Discuss., doi:10.5194/cp-2016 Discuss., doi:10.5194/cp- -9, 2016 Manuscript under review for journal Clim. Past Published: 2 February 2016 c Author(s) 2016. CC-BY 3.0 License. square error (MSE), and sign test (Cook et al., 1994) . R is a measure of the linear correlation 21 between the chronology and climatic variable. R 2 indicates how well the data fit a statistical 22
model. An r 2 of 1 indicates that the regression line perfectly fits the data; an r 2 of 0 indicates 23 that there is not fit at all. RE is a measure of shared variance between actual and estimated 24 series and provides sensitive measure of the reliability of a reconstruction (Cook et al., 1994; 25 Akkemik et al., 2005; Büntgen et al., 2008) ; it ranges from +1 indicating perfect agreement, to 26 minus infinity. MSE estimates the difference between the modelled and measured while sign 27 test compares the number of agreeing and disagreeing interval trends, from year-to-year, 28 between the observed and reconstructed series (Fritts et al., 1990; Cufar et al., 2008) . 29
Additionally, a Superposed Epoch Analysis (SEA; Panofsky and Brier, 1958) was performed 30 using dplR (Bunn, 2008) to assess post-volcanic cooling signals in our reconstruction. The 31 approach has been used in studies of volcanic effect on climate (Fischer et al., 2007; D'Arrigo 32 Clim. Past Discuss., doi:10.5194/cp-2016 -9, 2016 Manuscript under review for journal Clim. Past Published: 2 February 2016 c Author(s) 2016. CC-BY 3.0 License.
To transfer the TRW chronology into a temperature reconstruction a linear regression model 3 was used. The magnitude and the spatial extent of the climate signal are evaluated considering 4 the CRU TS v. 3.22 gridded dataset for Europe. 5 6
Results 7
The correlation matrix (Fig. 3) shows the high inter-correlation between sampling sites and 8 tree species. The highest correlation is found between Pinus uncinata (VIN and CAV) located 9 at the highest altitude. On the other hand, the weakest correlation is found between one of the 10 lowest sites (s006) and the highest (VIN). The mean correlation among all sampling sites is r 11 The selection of the best climate parameter to develop the reconstruction is presented in the 10 Peninsula, reaching into southern France and northern Africa (Fig.11) . 25 26 The transfer model is validated by the high correlation (r = -0.78) and significant correlation 27 coefficients (r 2 = 0.61) over the full period 1945-2012. Through the split 28 calibration/verification process, considering 1945-1978 and 1979-2012 , the temporal 29 robustness was tested revealing highly significant correlations for both periods (r 2 =0.41 and 30 r 2 =0.55 respectively) and verifying the final reconstruction (Table 2 and (1) 3 3.1 IR2T max reconstructionsolar activity. Overall, the correlation between the reconstruction and the solar activity is 0.34 23 (p < 0.0001), and increases to r = 0.49 after 11-year low pass filtering the series, thought the 24 degrees of freedom are substantially reduced due to the increase autocorrelation. 25
The SEA (Fig.10) indicates some impact of volcanic eruptions on the short-term temperature 26 variability within the reconstruction. It shows significance (p < 0.05) decrease in September's 27 temperature with a lag of three years. 28 Figure 11 shows the spatial correlation between the reconstruction and the CRU TS v. It is usually difficult to determine the extent to which the effects of environmental factors on 3 tree growth depend on age (genetic control) and/or on size (physiological control), but recent 4 investigations suggest that it is often the size, and not the age, that is important (Mencuccini et 5 al. 2005; Peñuelas 2005) . In fact, climate variability is more size-dependent than age or 6 species (De Luis et al., 2009) . Hence, the size-based standardization considered here 7 maximizes the common signal. In addition, when combining TRW series from different sites 8 and species, as done here, the heterogeneity in responses might be large. Therefore, size 9 standardization may be a commendable solution to develop unbiased chronologies. Finally, 10
the new method should be tested in other locations since it may help to maximizes responses 11 especially in heterogeneous areas. 12
Taking into account that TRW growth is conditioned by the storage of starch and sugar in 13 parenchyma ray tissue, the remobilization of carbohydrates from root structures, and the 14 development of needle enduring several growing seasons, influencing the radial increment 15 beyond the instant impact of temperature variability (Pallardy, 2010), we added the 16 cumulative monthly mean to the climate parameters. In fact, we demonstrated that the signal 17 is magnified with a memory of 21 months from the previous September. Thus, developing the 18 two year memory IR2T max allowed us to maintain not only the low frequency signal, 19 highlighting the warm and cold phases, which may be explained by the high correlation with 20 solar activity during 410 years (0.34, p<0.001), but also the high frequency signal, 21 emphasizing the memory effects of the volcanic eruptions in TRW, already studied by Briffa 22 et al. (1998) and recently by Esper et al. (2015b) . According to the SEA (Fig.9) , the volcanic 23 eruptions have a significance reduction (95% confidence) of September's temperature (-24 1.98ºC) with a three years lag. However, the IR2T max is already considering the two previous 25 year's temperature, which means the temperature decrease occurred the year after the extreme 26 volcanic event in consistency with (Frank et al., 2007a) gridded September of the previous year with a cumulative monthly mean of 21months data.
